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Abbreviations 
AC alternating current 
CAS Compressed air storage 
CSS Cascading style sheets 
DPF Displacement Power Factor 
EPDB Energy performance Building Design 
EPS European project semester 
GPL General Public license 
HTML Hyper text markup language 
LED Light emitting Diode 
MBT Mechanic Biological treatment plant 
MIT Massachusetts institute of technology 
PF power factor 
PHP hypertext Pre-processor 
Phs Pumped hydro storage 
PVC Polyvinyl chloride 
VFD variable-frequency drive 
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The abstract 
As part of finishing our engineering degree, we are five students from around 
the world participating in a European Project Semester (EPS) program in 
Novia University of Applied sciences; Vaasa, Finland during the spring of 
2011.European Project Semester is a program offered by ten European 
universities in seven different countries throughout Europe. The project team 
consists of electrical and mechanical engineers. 
 
Our task was to complete a project involving renewable energies. The project 
group focused on reducing the energy consumption and optimizing the 
production of energy for a company called Stormossen.  
 
The project has been developed between the Novia University of Applied 
Sciences and the Stormossen. The company is specializes in dealing with all 
kinds of waste. Furthermore, they produce biomass from kitchen waste and 
then take out biogas. The extracted biogas is then used to produce electricity 
and heat. 
 
The main goal of the project was to reduce the consumption of the office 
building and in the Mechanical-biological treatment plant. The group worked 
on different sub-projects. For example, lighting and heat loss in the office 
building and optimizing the Mechanical-biological treatment plant. 
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The logo 
The logo we designed for our group is shown below.  
The logo had to be formal but at the same time dynamic. Also, we wanted to 
show that we are working with renewable energies. So the logo had to indicate 
some specific colors and shapes. 
 
The first version drawn was very quickly done and therefore looked 
unprofessional.  
  
 
 
 
 
After several discussions about our logo we had the opportunity to speak to a 
processional designer. He gave us some very useful hints on how to create a 
good looking logo. The final results can be seen below. 
 
 
 
 
 
. 
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The company 
About Stormossen: 
 
Figure 1 Stormossen logo 
Stormossen manages the waste from 7 towns in the area of Ostrobothia. 
The turnover of Stormossen was 9.6 million Euros in the year 2010. 
They have a waste treatment plant located in Koivulahti and with around 40 
employees. 
They recycled 56000 tons of kitchen waste last year. 
 
Their mission: 
Management of waste and   maximum benefit from it taking care of  the 
environment. 
Most of domestic waste can be used in order to produce energy; in 2010 the 
waste rate was 84, 6%. 
Stormossen uses an MBT plant (mechanical biological treatment) to produce 
biogas and compost, all the dangerous products they send to different 
processing plants in Finland.  
 
Situation of the company: 
The company is located in the area of Koivulahti, and produces electricity for 7 
towns; Mustasari, Vöyri, Isokyrö, Vähäkyrö, Korsnäs, Maalathi and Vaasa, 
covering in total more than 100000 people. 
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Figure 2 the located area 
The company is formed out of 14 different buildings but in the project we only 
focused on 4 different buildings; office building (5), MBT plant 
(Mechanical-biological treatment) (6), gas storage (4) and composting area 
(8). 
 
Figure 3 Stormosen 
Rough numbers: 
The total amount of used electricity was 3 362 MWh, of which 44 % was 
bought from Vasa Elektriska 
The total production of electricity at Stormossen was 2 663 MWh, of which 29 % 
was sold back to Vasa Elektriska. 
The differences between electricity sold and electricity bought is 15%, this 
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means that they are losing money due to differences in the production 
conditions over day and night. 
 
Figure 4 Rough numbers for the year 2010 
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Chapter 1 Office building 
1.1 Introduction of office building 
 
Stormossen wants to reduce the energy consumption in the whole plant. To 
achieve this goal, we intend to reduce the energy consumption in the offices.  
The energy consumption in the office building is about 10 % of the total energy 
that they want to save. 
The office building consists of some offices belonging to the departments, 
meetings rooms, halls, costumes or stores that are using energy in the form of 
heat or light. 
To resolve this problem studies have to be focused on the two big areas that 
are the most relevant. These are those which are susceptible of higher 
possibilities of saving 
 
1.2 Aims and objectives 
Reduce the energy consumption in the offices by suggesting to Stormossen 
the following: 
 Maping the current situation: dates in Excel sheets, planes, visual 
examinations, documentations about the old walls and the old materials 
employed in the constructions of the building 
 Study the big problems in the office; where are they losing the energy? 
 Propose solutions: there are different ways to solve the problems: new 
lights, installation of wind mills, installation of solar panels, renovating 
the walls etc. 
 The Stormossen chooses some of the solutions 
 Develop the chosen parts and do some empirical analysis:  
calculations, graphs and maps. 
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1.3 Project specification  
1.3.1 Current situation 
The office building in Stormossen loses more energy than the modern 
buildings because it was built according to old regulations. The new 
regulations, for example, for heat lost through walls [17] are stricter. These 
regulations lead to reduction in heat lost to  a large proportion. Also the 
ventilation is contributing to some extent to the heat loss to the surrounding 
environment. 
Another factor is in the lighting system. The installation today is according to 
an old technology. With current technologies we can improve both the 
electric- power consumption and the ergonomic situation for the workers.  
 
1.3.1.1 Objectives Office building Solution 
The buildings sector represents 40% of the European Union‟s (EU) total 
energy consumption. Reducing energy consumption in this area is, therefore, 
a priority on energy efficiency. The office building at Stormossen has relatively 
high energy consumption.  
 
1.3.1.2 Office building requirement 
The goal is to reduce the energy consumption in the office building. The lights 
are old type fluorescent lamps. Advanced technology and ultra-low voltage 
(LED) are required. Presently the walls have low insulation properties and a lot 
of energy is needed to maintain a constant temperature inside the offices. We 
have not checked the ventilation system of the building. 
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1.3.1.3 Energy performance of office building 
To calculate the energy performance of the bui ldings we take into account 
certain elements. Specifically: 
• The thermal characteristics of a building (insulation, walls, etc.);  
• Heating insulation and energy consumption 
• The built-in lighting installation; and the light distributions. 
• Indoor temperature variation. 
1.3.2 Data collection 
- All the data we are going to collect during our project have to be written in 
the same format.  
The metric system is used in the following data.  
• Electrical measurements have to be written in ki lowatt hour ( kWh) 
• Every time period has to be stated in year, month, hour or seconds. 
• the amount of heat loss to the outside building is Joules/second(J/s ) 
• Width of the office walls in meters( m) 
• Room Temperature (ºC) 
• Area and height of the room and in the ceiling in square meters (m2) and 
meters (m) 
• Area of the roof in meters (m2). 
 
1.4 Solutions for the office building 
1.4.1 Alternative solutions evaluated 
From several solutions these can be categorised into two main groups, and 
can be presented to Stormossen. These are outlined below: 
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• The first category of the solutions could be the production of energy with 
renewable energies like solar energy or using the wind power. The roof 
which has a large area could be exploited for power generation. 
• The second category is to reduce the energy consumption. The lighting 
system could be changed to use advanced technology and ultra-low 
voltage (LED) and the walls renovated to conform to current and more 
energy efficient regulations. 
• These options were shown to Stormossen and they chose the second 
solution. 
 
1.4.2 Lighting project 
The lighting project is focusing on two different aspects of lighting. The first is 
the ergonomics of work and the second one is the energy saving. 
• In the first process or part we select the number or light and distribution 
according to get the best ergonomics with the small consumption possible. 
This fact is very important because if you only want to get the lowest 
consumption you can reduce the number of lights at the half part or less 
decreasing in a proportional way the consumption and the ergonomics. 
• In the second process or part we analyze the number of lights according to 
the same lumen or same amount of light getting the lowest consumption.  
 
 
 
 
 
 
 
  
European project semester   [OPTIMIZING GREEN ENERGY PRODUCTION] 
21 
 
1.4.2.1 Sketch: Office Building and General view (Appendix 12) 
 
Figure 5 the Sketch of the Office Building and General view 
1.4.2.2 Method for estimation and calculation of new lighting design 
and example (meeting room)  
 
Figure 6 Map of the meeting room 
 
• Map of the room: Area xx m2 
• By consulting  the norms about the ergonomics in the rooms and the 
acceptable interval for lighting levels in meeting rooms [ 300,500], [18] 
following has been found:  
Units: Lux best result is 500 
1) In the calculation of the reflection coefficients from the surfaces we 
have used the following figure: Roof 70%;  Walls 50%; Floor 10% 
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Figure 7 the reflection coefficient 
For the selection of the light source following alternative has been considered;  
1) LED Lamp should be selected in areas with high degree of use and that 
need higher amount of light. 
2) Tube LEDs  should be selected for less used areas(stores; toilets, sauna) 
and those that need less amount of light 
 
Figure 8 LED Lamp 
• The following formula is used to calculate the coefficient of the room, [14]: 
                       K= (a×b)/ (h×(a + b)) 
                       J=h‟/ (h + h‟) 
 
Figure 9 the calculation of the coefficient 
K = 1, 24=index coefficient  
J≈0 coefficient of suspension 
a= length 
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b= Width 
h‟= height of the ceiling  
h= height of the room 
 
Figure 10 Utilization coefficient 
• Refer to Figure 10, Utilization of the coefficient: u = [0, 78]. 
• Apply the formula, we get: 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient 
× conservation factor)/ area    
This calculation give us the following results number of luminaries= 12. If you 
select the lowest value for the consumption the number of luminaries will be 7 
luminaries → decreasing the consumption the 42 % . 
• For the optimal distribution of the luminaries in the roof of the meeting 
room following has been proposed. 
 
 
Figure 11 the optimal distribution of the luminaries  
 
• In order to calculate of safety factor for the installation following formula is 
used; 
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                          Km= (2 × n) / [h × (m + n)] ≈1 
                          Kp= [(a × p) + (a × q)] / [h × (a + b)]≈0,5 
Here, Km is the Mesh Factor and Kp is Proximity Factor.  
For Km is about 1 and Kp is about 0, 5 the result is correct for the installation of 
luminaries of type C. 
 
1.4.2.3  Design of the lights for parts of the most important rooms 
( see the appendix 13 about the rest of the rooms) 
 
1) The office No.2 and No.3 
 
Figure 12 Office 2# & 3#  
1.1  Interval range of light levels in office [ 400,600], [18]: 
Units: Lux 525 
1.2  Selection of reflection coefficients: 
• Roof: 70 % 
• Walls: 50% 
• Floor: 10% 
1.3  Selection of the lamp: Technical name: U1401/314HFW 
1.4  Calculations coefficient in the room, [14]: (N.B it is not necessary to repeat 
the reference as a whole, only the number can be used.) 
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K = 0.57=index coefficient  
J≈0 coefficient of suspension 
1.5  Utilization coefficient u =0.56 
1.6  Application Formula. 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient × 
conservation factor)/ area    
Number luminaries=4 
1.7  Distribution of the luminaries in the roof 
 
Figure 13 the distribution of the luminaries  
1.8 Calculation of safety factor 
Km= (2 × n) / (h × (m + n) ≈0.63 
Kp= [(a × p) + (a × q)] / (h × (a + b)) ≈0.25 
Based on this result, luminary Type A will be used.  
2) Dining room type x  
 
Figure 14 the dining room  
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2.1 Interval range of light levels in the room [300,400], [18]: 
Units: Lux best result is 400. 
 
2.2 Calculation of reflection coefficients: Roof 70 %; Walls 50%; Floor 10%. 
2.3 Selection of the lamp: Technical name: U1401/314HFW 
2.4 Calculations of coefficients in the room, [14] : 
 K = 1,12=index coefficient 
 J≈0 coefficient of suspension 
2.5 Utilization coefficient  u = 0.78. 
2.6 Application of Formula: 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient × 
conservation factor)/ area  
Number luminaries= 9 
2.7 Distribution of the luminaries in the roof as the following figure: 
 
Figure 15 the luminaries in the roof  
2.8 Calculation safety factor: 
Km= (2 × n) / [h × (m + n)] ≈1; 
Kp= [(a × p) + (a × q)] / [h × (a + b)] ≈0.5 
Based on this result, luminary Type C will be used. 
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3)  Stores room type No. 7 and No. 8 
 
Figure 16 Stores room  
3.1 Interval range of light levels in office [70,100], [18]: 
Units: Lux ; the best result is 100. 
3.2 Calculation of reflection coefficients 
 Roof:  50 % 
 Walls: 30% 
 Floor: 10% 
3.3 Selection of the lamp: Tubs de 20 W fluorescent 
3.4Calculations of coefficient in the room, [14]: 
 K = 0,58=index coefficient 
 J≈0 coefficient of suspension 
3.5 Utilization coefficient u = 0.59 
3.6 Application Formula: 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient × 
conservation factor)/ area                      
Number luminaries= 4 
3.7 Distribution of the luminaries in the roof 
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Figure 17 Distribution of the luminaries in the roof 
 
3.8 Calculation safety factor 
Km= (2 × n) /[h × (m + n)]≈0.5 
Kp= [(a × p) + (a × q)] / [h × (a + b)] ≈0.5 
Based on this result, luminary Type A will be used. 
4) Entrance hall  room type 20 
 
Figure 18 Entrance hall  
4.1Interval range of light levels in office [150,300], [18] : 
Units: Lux; the best result is 300. 
4.2 Calculation of reflection coefficients 
 Roof:  70 % 
 Walls: 50% 
 Floor: 10% 
4.3 Selection of the lamp:  Technical name: U1401/314HFW 
4.4 Calculations coefficient in the room, [14]: 
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 K = 1,85=index coefficient 
 J≈0 coefficient of suspension 
4.5 Utilization coefficient: u = 0.85 
4.6 Application Formula: 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient × 
conservation factor)/ area                 
Number luminaries= 8  
4.7 Distribution of the luminaries in the roof, refer to Figure 19 
4.8 Calculation safety factor 
Km= (2 × n) /[ h × (m + n)]≈1.3 
Kp= [(a × p) + (a × q)] / [h × (a + b)] ≈0.6 
Type C can be used. 
 
 
Figure 19 Distribution of the luminaries in the roof  
 
5) Corridor ; room type 21 
 
Figure 20 Corridor 
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5.1 Interval range of light levels in office [35, 70], [18]: 
Units: Lux best result is 70  
5.2 Calculation of reflection coefficients 
 Roof:  50 % 
 Walls: 30% 
 Floor: 10% 
5.3 Selection of the lamp: Tubs de 20 W fluorescent 
5.4 Calculations coefficient in the room, [14]: 
 K = 0,55=index coefficient 
 J≈0 coefficient of suspension 
5.5 Utilization coefficient:  u = 0.5 
5.6 Application Formula 
Lux= (Lumen × efficiency × (number luminaries) × Utilization coefficient × 
conservation factor)/ area                   
Number luminaries= 10  
5.7 Distribution of the luminaries in the roof, as Figure 21: 
 
Figure 21 the luminaries in the roof  
5.8 Calculation safety factor 
Km= (2 × n) /( h × (m + n))≈1,3  Kp= ((a × p ) + (a × q )) / ( h × ( a + b))≈0,6  
We can use Kind C 
 
1.4.2.4 Technical features about the lamps and see appendix 14 to 
know  the Table with the results of all the rooms  
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1) Technical name: U1401/314HFW ,[16]: 
Technical features: 
 Recessed lamp – reflector 
 HFW: warm start electronic ballast 
 individual lamp, single lamp length 
 Efficiency: 91% 
 Lamp color: 840  
 luminous flux: 3600 lm 
 Measurements 
Dimensions: (L×W×H) 596 mm × 596 mm × 118 mm 
minimum gap (l×b) 580 mm × 580 mm 
modulation of roof: M600  
 Reflector - brushed aluminium - aluminium high reflection 
 reflector type: lama symmetric low luminance 
 lamp positions: 2 
 Kind of lamp: T5 - Ø 16 mm - 3 × 14W 
 Kind of light: LED 
 
 
 
Figure 22 U1401/314HFW 
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2) Fluorescent Tubes of 20 W, [16]:  
 1220 lumen  
 Efficiency= 0,7 
 Conservation factor=0,7 
 Length= 1,225 m 
1.4.2.5 Results 
1) Comparison on between consumption and light power LEDs in front 
OSHRAM 
 
Figure 23 Comparison 
 
2) Difference between consumption for the same amount of light 
 
Figure 24 Difference between consumptions 
This gives a reduction of the power consumption by 72%.  
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3) Comparison between consumption and light power LEDs Tubes in 
front OSHRAM 
 
Figure 25 Comparison LED Tubes vs OSHRAM  
This gives a reduction of the power consumption by 72 %. LEDs TUBES and 
LEDS 85 % surface VS OSHRAM 
 
4) 15 % Light LOW Consumption VS LED in Hall 
 
Figure 26 Light LOW Consumption VS LED  
This gives a reduction of the power consumption by 20%. 
 
5) Calculation of the cost and power consumption saving with the 
lowest consumption and less ergonomics 
 
The total reduction of the power consumption =20%×(1/7) +72%×(6/7)=64,5% 
 
And by using the following figures as given by Stormossen: The actual power 
consumption per year is about13300 KWh. 
 
Then the power energy saved in one year is about 8600KWh or 8.6 MWh. 
 
And as we know the whole energy consumed by office building is about 9% 
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from the total energy consumed during a year. And we know that by changing 
the light we will be able to reduce the 10% in the office building power 
consumption.  
This is equal to 1% of the overall goal of saving electrical power. 
By using the cost per kWh of 7 cents we are able to find the total money saved 
per year: 600 €.   
 
6) Calculation of the cost and power consumption saving with the best 
ergonomics and low consumption 
    NEW 
Lights 
 OLD 
Lights 
  
   Selection  No Equals  No. Equals Total 
saved 
energy 
Room type Light 
intensity 
Light 
intensity 
lamp type new 
lights 
kWh Old 
Lights 
kWh  
         
Meeting room 43200 7500 LED 12 1267,2 15 1670,4 403,2 
The two office nº2 and 
nº3 
28800 4000 LED 8 844,8 8 890,88 46,08 
Office nº 4 21600 3000 LED 6 633,6 6 668,16 34,56 
Local nº5 21600 3000 LED 6 633,6 6 668,16 34,56 
Dining room room type x 32400 4500 LED 9 950,4 9 1002,24 51,84 
tores room type nº 7 and 
nº 8 
4880 2000 Tube 
Fluorescent 
4 153,6 4 445,44 291,84 
Sauna Room type 9 4880 2000 Tube 
Fluorescent 
4 153,6 4 445,44 291,84 
Toilets and cleaning 
room type 10  
4880 2000 Tube 
Fluorescent 
4 153,6 4 445,44 291,84 
Office ; room type 11 21600 3000 LED 6 633,6 6 668,16 34,56 
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and 12 
Wardrobe room type 13 9760 3000 Tube 
Fluorescent 
8 307,2 6 668,16 360,96 
Offices; room type 14 32400 6000 LED 9 950,4 12 1336,32 385,92 
Nº 15 Office 21600 3000 LED 6 633,6 6 668,16 34,56 
Offices Nº 17 and Nª 18 21600 4000 LED 6 633,6 8 890,88 257,28 
Entrance hall room type 
20 
28800 16800 LED 8 307,2 14 591,36 284,16 
Corridor ; room type 21 12200 4000 Tube 
Fluorescent 
10 422,4 8 890,88 468,48 
        3271,68 
 
Then the power energy saved in one year is about 3300KWh or 3,3MWh. 
And as we know the whole energy consumed by office building is about 9% 
from the total energy consumed during a year. And we know that by changing 
the light with the best ergonomics we will be able to reduce the 4.2 % in the 
office building power consumption.  
This is equal to 0.42% of the overall goal of saving electrical power. 
By using the cost per kWh of 7 cents we are able to find the total money saved 
per year; 230 €.   
1.4.3 Reducing the heat loss by exchanging the isolation in 
walls 
1.4.3.1 Important data of New regulations  
 K< 0,17 in whole wall, [17] 
 K<1 Windows , [17] 
 K< 2 Air Tightness , [17] 
 TEMPERATURE INSIDE 23 ºC ( Estimated Calculation) 
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1.4.3.2 Old Walls 
Firstly, we take a look at the old walls (see appendix 11). 
1) Old Walls US1 y US 2: UUDISOSAN KORKEA ULKOSEINÄ  
 
 
Figure 27 US1 y US 2 
12 mm Säänkestävä vaneri, asennus arkkitehdin mukaan. 
Surface material and preparation according to room 
 Expanation Wood resistance water 
19+19 mm Ristiin rimoitus 19x100 k 60 Cross bar construction 
 (wood) + tuuletus Ventilation  
9 mm Gyproc TS 9, kiinnitys ja tiivistys valmistajan ohjeiden mukaaan 
 Product name  
50 mm Runko 50x 50 k600  + puhallustyvilla 01.050  
Party wall roll or Slab  
150 mm Runko 50x 50 k600 + puhallustyvilla 01.050  
Party wall roll or Slab 
2) Old walls US 4 and US 5 : UUDISOSAN MATALA ULKOSINÄ  
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Figure 28 US 4 and US 5 
21 mm Vaakapaneli UYV 21x95 Panel type UYV 
22 mm Rimoitus 22x 100 k600 Cross bar construction  
(wood) + tuuletus  Ventilation 
9 mm Gyproc TS 9, kiinnitys ja tiivistys valmistajan ohjeiden mukaaan  
Product name TS 9 
50 mm Runko 50x 50 k600 (Frame work) + puhallustyvilla 01.050   
Party wall roll or Slab  
150 mm Runko 50x 50 k600 (Frame work) +  
puhallustyvilla 01.050 Party wall roll or Slab 
 
1.4.3.3 New US1, US2, US3 AND US4  
1) Method: , [15]:  
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A=Surface of the insulation wall; T1 & T2= Temperatures inside and outside 
L=Length of the insulation wall; R= Thermal resistance; K= Thermal 
conductivity 
 
2) Estimations and calculations of new isolation material 
Following materials was taken into consideration in order to reach the 
targeted heat resistance of K= 0.13-0.15 W/Km2 
 200 mm polyuretania (polyurethane) 
 250 mm polystyreeniä (polystyrene) 
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 300 mm villa( wool) 
 600mm sullottua (wood powder) 
 800 mm Kaskaistua beton 
 900 mm massivipuuta 
Party wall roll or Slab K=0.04 W/mKº 
Beton=0,05W/mKº 
Gyproc TS 9= 0,18 Kcal/hmKº 
Glaswolle= 0,035 Kcal/hmKº 
 
The following calculations can be used for the new insulation of the walls.  
12 mm Gryproc E 13 K= 0.15 Kcal/hmKº (No change in structures) 
19+19 mm Ristiin rimoitus 19x100 k 60 (Cross bar construction (wood) + 
tuuletus Ventilation K= 5.5 Kcal/hmKº (No change in structures) 
9 mm Gyproc TS 9, kiinnitys ja tiivistys valmistajan ohjeiden mukaaan 
( Product name)  K=0,18 Kcal/hmKº ( No change in structures)  
 
Calculation of the new insulation thickness needed to reach the stated 
U-value for the walls at Stormossen; 
 Trying first to apply the thickness; 200mm  Glaswolle 0,035 Kcal/hmKº 
U=1/((0,012/0,15 Kcal/hmKº)+(0,2m/0,035m Kcal/hmKº)+(1m/5,5 
Kcal/hmKº)+(0,009m/0,18 Kcal/hmKº)+(0,013m/0,18 
Kcal/hmKº))=0,163 Kcal/h(m2)Kº=0,19W/(m2)Kºh  
This is higher than the allowed U value of the regulation (U = 0,15 ) 
 The second try is to apply the thickness;  Glaswolle 225mm 
U=1/((0,012/0,15 Kcal/hmKº)+(0,225m/0,035m Kcal/hmKº)+(1m/5,5 
Kcal/hmKº)+(0,009m/0,18 Kcal/hmKº)+(0,013m/0,18 Kcal/hmKº))= 
Kº=0,17W/(m2)Kºh  
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This is still too high in comparison with the allowed value of the 
regulation. 
 The third calculation is done with the increase the thickness of 
Glaswolle 250mm 
U=1/((0,012/0,15 Kcal/hmKº)+(0,2m/0,035m Kcal/hmKº)+(1m/5,5 
Kcal/hmKº)+(0,009m/0,18 Kcal/hmKº)+(0,013m/0,18 
Kcal/hmKº))=)Kº=0,15 W/(m2)Kºh 
This is satisfying the regulation stated issue of Kº=0,15W/(m2)Kºh 
 
1.4.3.4 Rough calculation of the heat loss and the results for the whole 
building 
 
Q lost ≈K  
The heat lost is about 90% the energy consumed in the Q lost=70884Kwh. 
Old K ≈2×New K which can be used to make an approximate value of the new 
Q lost is 50 %of the old Q lost. 
NEW Q lost≈35442KWH 
Reduce 35442KWH= 35.5 MWh. 
From the total goal 4.3 % 
Money Saved 2500 Euros per year 
1.4.4 Final Results 
In the whole building 5.2 % energy of the target goal is saved or in other words 
more than 44 MW h can be saved in the office building. 
The energy saved in the office bui lding is 52 % of the original energy 
consumed before changes in the lighting and renovation of the walls.. 
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Chapter 2 Optimizing green energy 
production  
2.1. Introduction 
Stormossen is a waste disposal company operating in the Vaasa region of 
Finland. They are dealing with all sorts of waste materials from kitchen to 
hazardous waste. They are running several different treatment plants. One 
of these plants is a MBT plant (mechanical biological treatments plant). Its 
purpose is to deal with daily delivered kitchen waste. Using a MBT plant is 
such an intelligent way to deal with your kitchen waste rather than just 
composting it, because you are able to generate electricity by transforming 
the biological waste into methane. Then methane can, for example, be 
used as fuel to run an engine.  
Currently, the electricity obtained has been used to run the pre-treatment 
plant, a part of the MBT plant. The pre-treatment plant is used to separate 
the kitchen waste into biological and none biological waste. Kitchen waste 
always contains materials which are not digestible by the bioreactor. 
Nonbiological components are PVC and metal pieces. 
2.2. Current Issue 
As noted above Stormossen runs a MBT plant. The MBT plant is used to 
cover a part the of the electricity needs of Stormossen. The idea was to run 
a co-generator on biological gas. [5] 
Economical reasons are not the only factors why Stormossen wants to 
produce their own electricity. They also want to be environmentally friendly 
and set good examples for others.   
Before 2009 they had a co-generator installed, which could deliver 315 
kW/h of electricity, but this could not provide enough energy to fit their 
needs. In March 2009, a bigger engine was installed in order to enhance 
their electricity production. The theoretical engine performance was 
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increased from 315 kW to 716 kW, but due to recent developments, the 
co-generator was not being able to reach the expected target. Therefore, 
Stormossen had to buy more electricity from the city of Vaasa than they 
actually wanted to.  
There could be several reasons why the co-generator could not reach its 
full potential. In order to identify some of the weak areas within the 
electricity production the next step of the project team will be a detailed 
analysis of the MBT plant and its working processes. 
2.3. The working processes of the MBT plant 
The following step of our work will be a detailed description of the working 
processes within the MBT plant. It will describe what happens at different 
stages of the electricity production.  
There is a detailed map of the MBT plant and a logic diagram included in 
the appendix. [Appendix 5]  
2.3.1. Working day schedule  
The working day at Stormossen starts at 6 :00 am and finishes at 3:30 
pm. So it is 9 hours and 30 minutes working day, 5 days a week. A 
regular working day is divided into two shifts.  
The garbage trucks start delivering kitchen waste in the morning. On a 
regular week day they deliver around 160 t (± 10%). Not all of the 
waste is suitable for the digestion process. Only 33% of the kitchen 
waste can be clarified as biological and therefore be used in the 
bioreactor. [Appendix 5] 
2.3.2. Loading zone  
The delivered kitchen waste gets stored in a reception bunker until the 
separation process starts. The reception bunker is 200m3 large and is 
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capable of storing the delivered kitchen waste of one working day. In 
addition, there are also other places to store delivered waste in case of 
an emergency, for example, if the pre-treatment plant is not running 
due to mechanical problems. [Appendix 5]             
2.3.3. Pre-treatment plant 
The processes inside the pre-treatment plant can be divided into three 
single steps. The following is a description of the first step. The other 
two parts will follow in parts 3.4 and 3.5. 
The reception bunker delivers the kitchen waste to the process plant 
with a transporting unit. The first step of 
the waste cleaning process is done by a 
crane which takes out all the lager parts 
which are non-biological, for example 
bikes or gearboxes. After the crane has 
taken out all the larger parts, the waste 
gets crushed by a crusher into smaller pieces. The crusher destroys 
plastic bags and more solid materials. So the waste is prepared for the 
next step. The next step in the process line is a drum sieve (Figure 1). 
The crushed waste runs through a drum sieve where it gets separated 
into larger and smaller pieces. The drum sieve separates the waste in 
pieces smaller than 50mm and bigger than 50mm. What happens to 
the smaller and larger pieces will be described in the following steps. 
[Appendix 5] 
2.3.4. Pre-treatment plant (Waste ≥ 50mm) 
After the first stage of cleaning the separated waste gets prepared in 
two different ways. The first stage will be explained in the following 
description and the second one will follow. 
Figure 29 Picture: Drum sieve 
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The waste pieces that are smaller than 50mm will be used in the 
bioreactor. After the separation the 
waste runs through a windscreen. The 
purpose of the windscreen is to take 
out all the lighter materials. Lighter 
materials can be defined as small 
plastic pieces from the garbage bags or 
non magnetic metals. After the windscreen, the garbage runs 
underneath a magnetic separator. The magnetic separator (Figure 2) is 
responsible for cleaning the garbage from all metal pieces. After the 
cleaning process the prepared garbage gets transported into the MXS 
hall, where the preparation process continues.  [Appendix 5] 
2.3.5. Pre-treatment plant (Waste ≤ 50mm) 
Garbage that is larger than 50mm is not going to be used in the 
bioreactor, because it is not suitable or even harmful for the digestion 
process. Nevertheless it has to be cleaned for further usage.  
During the next stage of the cleaning process the garbage gets divided 
into two different categories. One of them is compostable garbage and 
the other one nonbiological garbage. The nonbiological garbage might 
be defined as glass plastic or metal cans. The cleaning process is very 
similar to the one described above. During the first stage the garbage 
runs through a windscreen to take out all the lighter materials. After the 
windscreen the garbage runs below a magnetic separator to take out 
all the metal pieces. Then the compostable waste gets crushed two 
more times by two single crushers. As a result of the cleaning process; 
there are two kinds of garbage, the compostable garbage which gets 
composed and the nonbiological garbage which gets stored away. The 
Figure 30  Magnetic separator 
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stored garbage will be burned in the West Energy power plant. 
[Appendix 5] 
 
The figure below shows a rough outlay of the pre-treatment plant. It 
visualise the processes described in 3.3, 3,4 and 3.5.  
 
                            Figure 31 Outlay of the MBT plant 
 
2.3.6. MXS hall 
The MXS hall is a very important part in the whole MBT plant‟s process 
line. Its purpose is to prepare the bio waste and make it suitable for the 
digesting process. The bio waste has to have a soft consistency in 
order to pump it into the bioreactor. There are several different parts in 
the MXS hall but the most important are one mix-separator, two water 
tanks and a steam boiler which is just outside the MXS hall. The 
following paragraphs will describe the purpose of each vessel.  
The first part is the mix-separator. Its main purpose is to mix the 
cleaned bio waste with hot water in order to prepare it for the use within 
the bioreactor. The mix-separator tank is 150m3 and it is filled once a 
day with the bio waste mixture.  An amount of 60 t of bio waste is 
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needed in order to fill up the mix-separator. This is the amount of 
garbage that is delivered each day, 5 days a week.  
It takes around 6-8 hours to fill up the mix-separator depending on the 
pre-treatment plant. Once the mix-separator is filled and the mixture 
inside has the right consistence and temperature (55˚C), the mixture 
gets pumped into the bioreactor. The pumping process occurs twice a 
day. 50% of the mixture gets pumped into the bioreactor at 4pm and 
the other half gets pumped into the bioreactor at 1am. In order to empty 
50% of the mix-separator the pumping process takes around 2-4 hours. 
Another part of the MXS hall is a water tank which is situated just in 
front of the hall. Its purpose is to store and heat up water which is 
needed in the mix-separator. The first water tank is 250m3 and it is 
responsible for heating up the water from 4˚C to 50˚C before it gets 
pumped into the second water tank. The energy, which is needed in 
order to heat up the water to 50˚C, is delivered by a heat boi ler. 
Description of the heat boiler will be given later.  
The second water tank is situated inside the MXS hall. It gets filled with 
water from the first water tank. Its purpose is to heat up the water from 
50˚C to 90˚C before the water gets pumped into the mix-separator or 
the bioreactor 1. The energy needed to heat up the water is provided 
by a steam boiler which is situated just outside the MXS hall. 
Description of the steam boiler will be given later. [Appendix 5] 
2.3.7. Bioreactor 2  
The bioreactor 2 is one out of two bioreactors at Stormossen. This 
bioreactor is filled with bio waste and therefore responsible for the 
digestion of the kitchen waste. The bioreactor is the place where the 
biogas [5] production takes place. 
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The bioreactor has a volume of 1700m3 and is situated inside the MXS 
hall. It gets filled with the prepared substrate twice a day. The first time 
is at 4pm and the second 1am. Furthermore, the bio waste mixture 
inside the bioreactor 2 has a hydraulic retention time [6] of 12 days. 
This is because it takes around 10 days for the digestion bacteria to 
reproduce themselves.  
[Appendix 5] 
2.3.8. Bioreactor 1  
The bioreactor 1 is the second one of the installed bioreactor at 
Stormossen. This bioreactor 1 is fed with sludge [7] which comes from 
Stormossen‟s water treatment plants. Bioreactor 1 is 1500m3 and gets 
fed seven days a week. The pumping interval of sludge [7] into the 
bioreactor is 30 minutes of pumping and 30 minutes of break. This is 
done 24 hours, 7 days a week. Moreover, the pump which is used to 
transport the sludge is capable of pumping 6m3 of sludge [7] per hour.  
The sludge is delivered 5 days a week depending on the water 
treatment plants. In addition, there are also two sludge holding tanks 
with a capacity of 100m3 each. Due to these tanks, Stormossen is 
capable of running the same time schedule of sludge pumping over the 
weekend as they do during the week. Besides that, the target 
temperature inside the bioreactor is 55˚C. In order to stabilize the 
temperature inside the bioreactor, Stormossen pumps in about 120m3 
hot water at 90˚C every day.  
The sludge [7] mixture inside the bioreactor 1 has a hydraulic retention 
time [6] of 8 days. This is because it takes around 8 days for the 
digestion bacteria to reproduce themselves. It is very important to stick 
to the hydraulic retention time [6]; because if the mixture is taken out 
European project semester   [OPTIMIZING GREEN ENERGY PRODUCTION] 
48 
 
before the bacteria double themselves the digestion process is slowly 
killed.   
[Appendix 5] 
2.3.9. Gas storage  
The gas storage is an important part within the process line of the MBT 
plant. It is supposed to store the produced biogas [5] until distribution. 
The gas storage is 1000m3 big and is under a pressure of 22mbar. The 
input to the gas storage comes from the two bioreactors. Furthermore 
the gas storage is also responsible for the distribution of the biogas. 
The output of the gas storage is delivered to four different consumers. 
The first one is the co-generator which is responsible for producing 
electricity and heat. The second is the heat boiler which is supposed to 
heat up the water till 50˚C for the mix-separator. The third is the steam 
boiler. It is responsible for heating up the water till 90˚C. Finally, the 
gas storage also distributes gas to surrounding areas of Vaasa. 
Surrounding areas are community centres and local companies. 
[Appendix 5] 
 
2.3.10. Co-generator 
The co-generator can be classified as the heart of the whole MBT plant. 
It transforms biogas [5] into electricity. It also produces heat through 
mechanical movements which is then used within the MBT plant. The 
heat is gained by a heat exchanger and then distributed to the areas 
where it‟s needed. Most of the heat is used inside the MXS hall.  
The exact specifications of the co-generator are: Deutz power systems, 
Technical data Hz TCG 2016 V16, Bio gas, 500 NOx. More details 
about the co-generator are included in the appendix. [8] [Appendix 7] 
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  = efficiency [%] 
E out = Energy output [kW] 
E in = Energy input [kW] 
P out = Work output [kW] 
P in = Work input [kW]  
Furthermore, the thermal efficiency of the co-generator is 41.9%. 
Efficiency can be calculated with the equation above. If you combine the 
electrical and thermal efficiencies you will achieve an overall efficiency 
of 83.4%.   [Appendix 7] The produced electricity is then distributed to 
the machinery within the pre-treatment plant and to the office building. 
In addition, the produced heat is used for heating up the bioreactors in 
order to stabilize the digestion process. Furthermore, the produced heat 
is also used to heat up the water inside the first water tank . Heating up 
the water inside the first tank is a conti nuing process. A further 
investigation into the co-generator will follow during the next steps of our 
work. [Appendix 5] 
2.3.11. Heat boiler 
The heat boiler is the second gas consumer. The heat boiler is a 
backup system for the co-generator, so if the co-generator does not 
produce any heat due to mechanical problems the heat boiler jumps in 
to heat up the water in the first water tank. The following equations 
explain the theory behind the heating boiler and will be used as a 
foundation for further calculations. [8] 
 
            
  = heat flux [kW] 
P fuel = fuel power [kW] 
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m = mass flow  
H = heat value [kWh/m3] (depends on the fuel) 
 
The next equation will outline how much energy the heat boiler needs 
in order to reach a particular temperature. [8] 
 
         
 
  = heat flux [kW] 
m = mass flow [kWh/m3] 
c = constant (depending on the fuel) 
 T = temperature difference 
 
Another important equation is the calculation of mass flow from the 
volume flow. [8] 
 
       
 
m = mass flow [kWh/m3] 
  = density of the fluid 
V = volume flow [Nm3] 
 
The heat boiler is needed in order to heat up the water in the first water 
tank. In case of an emergency you can also run the heat boiler on 
common fuel. The heat boiler will be investigated in more detail later. 
[Appendix 5] 
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2.3.12. Steam boiler 
The steam boiler is the third part which consumes gas. The difference 
between the heat boiler and the steam boiler is that the steam boiler is 
fed by the gas storage and additional gas source from an old land field. 
The steam boiler gets most of its fuel from the old landfill (old deponi). 
When the old landfill does not produce enough gas to be burned as a 
fuel, the steam boiler takes additional gas from the gas storage. 
The steam boiler is situated just outside the MXS hall. Its purpose is to 
heat up the second batch of water, before it gets pumped into the 
mix-separator and the bioreactor 1. The steam boiler heats up the 
water from 50˚C to 90˚C. In order to heat up the water to 90˚C the 
steam boiler produces around 1500 kg of steam per hour. In addition 
the steam boiler also has a backup system. In case of an emergency 
the steam boiler can also run on common fuel. 
[Appendix 5] 
2.3.13. Drying part 
At the end of the MBT process line there is the drying section. The 
drying section is supposed to prepare the used biomass for further use. 
After the hydraulic retention times [6] of 12 (BR2) and 8 days (BR1) the 
used biomass gets pumped down to the drying part. It is stored in tanks 
before running through a dryer. After the drying the biomass gets 
transported outside and stored. The bio mass is then ready to be sold 
as ferti lizer to surrounding farmers. [Appendix 5] 
2.3.14. Old deponi (Landfill) 
The old landfill can also to produce biogas [5]. This 
is an aerobic [2] process. The old landfill produces 
Figure 32 old deponi  
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around 35.000m3 of biogas annually [5]. The gas produced is then 
pumped into a pipeline and transported to the steam boiler where the 
biogas [5] is used as a fuel. Furthermore the biogas from the old landfill 
never gets pumped into the gas storage. [Appendix 5] 
2.4. Biogas  
The next part of our report will be dedicated to biogas. The term “biogas” 
has been used quite often in the beginning of the report. An explanation 
has already been given to the term “biogas” but there are more facts to the 
term biogas than just understanding what it is. So the following parts of the 
report present discussions of the biogas chemistry and why biogas is so 
important. Furthermore, the amount of methane which is included in the 
biogas will be discussed. We will describe how we chose the amount of 
methane for further calculations. In the end, a reasonable conclusion will be 
drawn from information gathered as a result of the analyses and 
calculations. 
2.4.1. Biogas chemistry   
The development of biogas is quite a complex process, so the whole 
process will not be analysed in details. However, the four transformation 
stages, when garbage turns into biological gas, will be outlined. There 
are four important stages during the transformation process. The 
theoretical work on the development process of biogas is based on a 
doctoral thesis [9].  The next four parts explains the biogas production 
steps. 
Hydrolyse 
Microorganisms split complex organic molecules into monomers. 
[9] 
Acidogenesis 
Loss monomers are going to be transformed into organic acids 
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like alcohol, hydrogen or carbon dioxide. The process is caused 
by acidoenes microorganisms. [9] 
Acetognesis 
During the next step the organic acids and alcohols are going to 
be transformed into ethanoic acid. This is caused by acetogenes 
microorganisms. [9] 
Methanogenesis  
During the last stage of biogas development the ethanoic acid 
splits into methane, carbon dioxide and water. So in the end 
hydrogen and carbon dioxide are going to be transformed into 
methane and H2O. This reaction is caused by methaneogenes 
microorganisms. [9] 
 
These are the four main chemical reactions which occur during the 
development of biological gas. There is also a picture included in the 
Appendix which visualizes the development of biological gas one more 
time. 
[Appendix 10] 
Furthermore, if you want to create a stable biogas development, 
awareness of different variables is required. Without monitoring the 
surrounding parameter biogas will not be developed. The most 
important ones are temperature and the pH-value. These must be 
monitored very closely.   
2.4.2. Biogas content  
Due to practical experiences the amount off methane, carbon dioxide 
and other gases depend very much on the input substrate of the 
bioreactor. [10] They also give an indication about the quality of the 
biogas.  
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The most important component of biogas is methane. The amount of 
methane is an indicator of how good its performances will be as fuel. 
Figure 7 gives a theoretical model of how much methane different 
substrates can produce. [11] 
Substrates  Feed substrate Amount of methane % 
Corn silage 202 m3/t 52% 
    Grass silage 172 m3/t 54% 
Bio w aste 100 m3/t 61% 
 
 
After the theoretical possibilities of the production of methane was 
analysed, a decision was made on the amount that was going to be 
used in the calculations. Basically, there were 4 options. The first option 
was to use the theoretical number which is stated above. (Methane 
amount: 61%)  The second option was the amount of methane which 
was measured by a sensor inside the bioreactor. The measurements 
can be seen below.    
                                     
 
These are the average monthly values of methane for the year 2009. 
The third option we had was to calculate the methane amount 
backwards from the data we already had. The equations will be in the 
Appendix. [8] [Appendix 8] 
As a result for the CH4 value we calculated an amount of 96% of 
Figure 33 Table of theoretical methane amount [11]  
Figure 34 Table: Amount of methane measured by sensors  
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methane. Due to information about the biogas we quickly realized that 
the calculated amount is wrong so the third option was ruled out. 
The last option that could be used was the measurement done by the 
co-generator. This was possible because the co-generator had a 
built-in sensor to analyse the biogas which was currently being burned. 
So it measures the amount of methane.  Figure 9shows the 
measurement curve of the methane. 
 
Figure 35 CH4 measured by the co-generator 
 
It can be observed that the co-generator currently measures the 
amount of methane at 59, 4%. Unfortunately, this is not an average 
value of the day or month; it “only” shows the amount of methane 
currently burned inside the combustion chambers.  
2.4.3. Conclusion 
The next step for us was to decide which number we should choose in 
order to carry out our further calculations. As you noticed during the 
development above the numbers differ quite a lot from each other. This 
is due to the different methods of measuring. The third option where we 
tried to calculate backwards was ruled out completely, because the 
result was just not accurate enough. It might have worked if we had 
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data on an hourly base. Furthermore the theoretical calculated amount 
of methane was not good enough for us either, because we wanted a 
number that is closer related to Stormossen. So we had the opportunity 
to make a decision between options two and four. Option two 
measures the methane inside the bioreactor and option two measures 
the methane inside the co-generator. In the end we decided to go along 
with the measurement from the co-generator, because it was closer to 
the theoretical number. Besides that we had a discussion with Nisse 
Lithe about the CH4 value and in his opinion the amount of CH4 is 
somewhere close to 60%. These are the two reasons why we chose 59, 
4% as our CH4 value. 
2.5. Data analysing  
Due to the fact that we had the opportunity to work very closely with 
Stormossen we were able to look at many different data streams. We also 
had the opportunity to analyse them in detail and look at the Stormossen 
working process very closely.  So the next part of our work is dedicated to 
data analysis.  
2.5.1. Data stream 1-Efficency  
The first data stream we analysed was given to us by Stormossen; it 
was their own record of the gas production during the year 2009-2011. 
The original data and our data is included in the appendix. [Appendix 4]  
A comparison of the theoretical and actual performance of the 
co-generator was made after analysis of the data stream.  
2.5.2. Analysing method 
In order to calculate the theoretical performance, data from the 
instruction manual of the co-generator was used. [Appendix 7] The 
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equation following equation was used to calculate the actual 
performance. [8] 
  
     
    
 
  = efficiency [%] 
P fuel = Input [1750 kW] 
Pout = Output [716 kW] 
The amount of power for Pfuel for every month was calculated over the 
   multiplied by H. [8] [12], and Pout is the average number for each 
month from the year 2009 till 2011. [Appendix 4]  
2.5.3. Results 
As a result, an average performance of the co-generator was gathered 
from 2009 to 2011. A comparison with the theoretical performance was 
done. Three excel graphs were created. One of them is shown below. 
[Appendix 4] 
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Figure 36 Graph: Co-generator performance [See appendix, part]  
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2.5.4. Conclusion 
As you may have noticed from the graph above the actual performance 
is nowhere near the theoretical performance. Secondly we realized that 
there is a difference between the electricity production during the 
summer and the winter. So now we had to find out if it was just a 
coincident or if it was a pattern.  Furthermore we had to identify the 
problems with the electricity production. 
2.5.5. Data stream 2-Electricity production   
The second data stream analysed was the electricity production in 
[kWh]. Due to this data we were able to study the amount of electricity 
produced by the co-generator. We wanted to identify the peaks and the 
lows of the production. Moreover, we wanted to relate the electricity to 
the gas productions, if possible. [Appendix 1] 
2.5.6. Analysing method 
The data used for the analysis was broken down to an hourly 
production which enhances the accuracy of the analysis. The data 
used was recorded by the Vaasa grid and given to the project by 
Stormossen. Seventeen (17) specific chats for chosen days of the year 
2010 were created in order to get an accurate result. It was important 
to spread the days equally over the given time period. Additionally, the 
days had to be divided into summer and winter seasons.  
2.5.7. Results 
As a result, created 17 different graphs were created; each one is 
assigned to a chosen day. Figure 11 is an example of one. The rest of 
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the data can be found in the appendix. [Appendix 1] 
 
 
 
2.5.8. Conclusion 
During the data analysis it was found that the electricity production is 
much greater in the nights than it is during the day. Therefore, the 
production begins to fall when Stormossens starts work and needs the 
electricity. The next step is to analyse the relationship between 
electricity and gas productions.  
2.5.9. Data stream 3-Biogas production 
The third data stream analysed was the biogas production in [Nm3]. 
The data was also made available to the team by Stormossen. With 
this data, the biogas production of each bioreactor was studied more 
closely. Hopefully, a connection with the electricity production will be 
found. [Appendix 2] 
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Figure 37 Graph: Energy production of the 2.6.2010  
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2.5.10. Analysing method  
In order to make a decent connection between the electricity and the 
biogas productions, the same analysis method the data stream 2 was 
chosen. For this purpose, the data had to be in the same format as the 
electricity production data. So we created 17 recording charts. Each 
shows the biogas production of one specific day. Start from 00:00 to 
23:00. 
2.5.11. Results  
As a result, 34 different charts were drawn. The first 17 charts had two 
different curves. These are the comparison of the biogas production 
from the bioreactors 1 and 2. The other 17 charts show the total 
production of the biogas for the chosen day. Figure 12 is an example. 
[Appendix 2] 
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Figure 38 Graph: Biogas production of the 2.6.2010  
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2.5.12. Conclusion  
During the analysis of the third data stream we observed that the two 
biogas production lines don‟t behave in the same way. So the biogas 
production of the bioreactor 1 is far more stable, it produces almost the 
same amount of biogas through-out the whole day. This could be due 
to the fact that is has a continuing input of biomass (Sludge). The 
output of the second bioreactor is far more unreliable, there are peaks 
and downs through-out the day. It seems to that the biogas production 
is very closely related to the input of biomass. When checking the 
graph above, there can seen that there is an increase in gas production 
just after the input of biomass. Input times are at 4pm and 1am. 
Moreover, we have also noticed that the biogas production curve 
almost looks the same as the electricity production curve, so there 
must be a close relationship too. If you manage to change one curve 
you might be affecting the other one as well. So our next steps will be 
to look further into the co-generator, with the aim of calculating the 
amount of biogas which is needed in order to let the co-generator run 
at full capacity. It will show us if the two bioreactors are producing 
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Figure 39 Graph: Total biogas production of the 2.6.2010  
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enough biogas in order to meet the needs of the co-generator.  
2.5.13. Data stream 4-Sold gas 
The fourth data stream was supposed to give insight on how much 
biogas Stormossen is selling to Vaasa companies. This data was given 
to the project team by Stormossen and was recorded on monthly bases. 
This data enable the team to find out the amount of gas that is not used 
by the co-generator or the heating boiler. It was really helpful in order to 
exclude some of the gas which limited the electricity production. 
[Appendix 3] 
2.5.14. Analysing method  
The data that was obtained was a record of the amount of gas sold on 
monthly bases.  A table was then created for the year 2010. First row 
of the table is biogas sold in Nm3. The second row is the gas used in 
Nm3 by the co-generator and the last is the total amount of gas in Nm3 
produced. Usingthis data a graph was plotted which calculates the 
amount of gas sold as percentage (%). 
2.5.15. Result  
As a result, a graph for the year 2010 was plotted. The amount of gas 
sold was calculated for every month. Furthermore, we calculated how 
much gas had been sold from the overall production (BR1 and BR2). 
Results were given in percentages (%). Figure 14 is the chart created. 
[Appendix 3] 
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2.5.16. Conclusion  
The conclusion we drew from the data stream and the created graph 
will be discussed below. First we noticed that the Stormossen sells 
quite a large amount of biogas to the surrounding companies. During 
some month even more than 20%. Furthermore most of the gas is sold 
during the winter, when the gas production is already handicapped by 
the environmental influences. Having such a strong winter is harmful to 
the gas production. So why are they selling biogas? In our opinion 
selling gas during such a crucial time of the year will be very harmful for 
the electricity production. A result of such action could be that 
Stormossen will not be able to fulfil their electricity needs. You have to 
bear in mind that bio gas is far more valuable to Stormosssen during 
the winter time than during the summer time. 
In order to complete our data analysis we also included two more data 
streams in our appendix. The additional data streams will be looking at 
the electricity which is sold and bought by Stormossen. [Appendix 5]  
Jan Feb Mar Apr Mai Jun Jul Aug Sep Oct Nov Dec
Used gas 9517910276108727416010073112887779713161103101225810208
Sold gas 217891921732746135005062. 3609. 2456. 3486. 6318. 9430. 7153. 5853.
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Figure 40 Graph: Comparing sold and used biogas  
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2.6. Calculations-Biogas consumption 
In order to give some dissent recommendation on how to improve the 
electricity production we need to analyse the fuel consumption of the 
co-generator and the heating boiler. Because we need to look at the biogas 
which is needed in order to run the components at their best performance. 
The flowing equations will state how much biogas each component need. 
[8], [Appendix 7] 
2.6.1. Co-generator 
 
   
       
  
  
                  
  
   
   
   
 
Pfuel = Fuel consumption by the co-generator. [Appendix 7] 
Heating value = 9, 97 [12] 
CH4 = 59, 4%  
         = needed volume flow to run engine at a 100% [Nm3] 
Please note: This calculation is done with the assumption of   = 1 (3.11) 
As a result for the fuel consumption of the co-generator we calculated 
295, 5 Nm3. 
2.6.2. Heat boiler 
 
   
     
 
 
 
   = Volume flow [Nm3]  
P fuel = 1310 [kW] [12] 
H = heating value [kWh/m3] x CH4/100 [12] 
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Please note: This calculation is done with the assumption of   = 1 
(3.11) 
 
As an optimal volume flow we calculated the amount of 221, 2 Nm3. 
Furthermore we also wanted to find out how much energy you are able 
to save if you increase the temperature of the used water. The equation 
can be found below and the table of results will be included in our 
recommendation. [8], [13] 
 
                
  
 
  = Heat flux [kW] 
   = Volume flow [Nm3] 
H = heating value [kWh/m3] x CH4/100 [12] 
   = Temperature difference [˚C] 
2.7. Recommendations and conclusions  
The following is dedicated to recommendations and conclusions from the 
studies. During the work we had the opportunity to look into different 
aspects of the electricity production of Stormossen. The project team was 
able to make some conclusions which might improve the electricity 
production of Stormossen. Unfortunately, it was not possible to for further 
studies into the suggestions and how they could be implemented at 
Stormossen due to time constraints. Nevertheless, the project team was 
able to give some directions on possible improvements. In order to make 
sure that the electricity production is working at it best possible, two factors 
have to be considered. The first thing is to make sure that the co-generator 
is always feed properly and the second is to save as much biogas as 
possible which is used by other components. The following is an 
investigation on how these goals could be achieved.  
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2.7.1. Co-generator  
In order to get the best possible performance out of the co -generator 
you have to be ensured that the input of biogas is always at its peak. 
The first thing that had to find out was how much biogas [Nm3] does the 
co-generator need in order to run at its best performance (716 kW). As 
an optimal volume flow calculated the amount of 295, 5 Nm3 was 
calculated we now have to ensure that the co-generator is fed properly.  
Due to the data analysis, it is clear that the performance of the biogas 
production is good. The bioreactor is producing enough gas for the 
co-generator, but you also need to feed the other three components. 
Furthermore the biogas production is on a down slope during the day 
just when the demand for biogas is the highest. So the next step is to 
find a solution on how to provide the optimal amount of biogas.  
Bioreactor   
The data analysis indicates that the digestion process of the 
bioreactor 2 is not working properly. If i t is compared with the 
bioreactor 1, it is clear that the latter is working far more stable than 
the former. So in order to stabilize it, bioreactor 1 could be used as 
a reference. The main difference between the two bioreactors is 
the interval for pumping in the biomass mixture. If the mixture 
pumped into the bioreactor more frequently, a more s table output 
without any peaks and lows could be obtained.  
Gas storage   
Another possibility to stabilize the biogas consumption of the 
co-generator is to organize the gas storage. It is known that there 
is a buffer of 1000 m3. Therefore, if the gas storage is filled up 
during the night to a 100%, energy could be produced in the 
morning at the best performance. Furthermore, the buffer could be 
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an option Stormossen already thought about. It means, installing a 
second gas storage. With this, Stormossen would be able to store 
more biogas which is going to be produced during the nights. As a 
result they would be able to deliver the amount of gas which is 
needed by the all the consumers. Consumers are the co-generator, 
steam boiler, heat boiler and local companies.  
2.7.2. Saving energy   
The second option to ensure that the co-generator is always fed 
properly is to cut down the other gas consumers. So if we gas could be 
saved somewhere else, it could be used to produce more electricity. To 
achieve this goal, there are three components of interest. These are 
the heating boiler, the steam boiler and the gas that is sold. 
Heat boiler    
The heating boiler is one of the gas consuming components 
within the process line of the MBT plant. It is responsible for 
heating up the water for the mix-separator. Heating up water 
does consume a lot of energy. So during our discussion with 
Stormossen, the idea of increasing the temperature from the 
incoming water (4˚C) came up. Doing so might reduce the energy 
consumed and therefore, the amount of biogas burned by the 
heating boiler.  
With the equations above we calculate the amount of biogas 
which has been burned and the amount of energy which has 
been used.  
The table below shows the amount of biogas saved if the 
temperature of the incoming water is increased. [8] 
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46˚C 60259 kW 10175 Nm
3 
44˚C 57639 kW 9732 Nm
3
 
42˚C 55019 kW 9290 Nm
3
 
40˚C 52399 kW 8847 Nm
3
 
35˚C 45849 kW 7741 Nm
3
 
 
 
As a result of the calculations above 1328 Nm3 of biogas is saved 
just by increasing the temperature of the input water by to 6˚C. 
1328 Nm3 is 14% of the overall biogas consumed. The saved gas 
could then be used to produce electricity. A common method to 
heat up water with sustainable energy sources is the solar panel 
technology. 
2.7.3. Other opportunities  
There are two additional options to reduce the gas consumption. 
However, they are not as promising as the heating boiler. The other two 
options are the steam boiler and reducing the distributed biogas to 
external consumers. The steam boiler has no room for improvement, 
because it is a system on its own. In addition, heating up water to 
nearly 90˚C is a very intense procedure which needs a lot of energy. 
The other option is to reduce the gas sold or even stop selling gas to 
local companies. Reducing the gas sold is the better option. For 
example, consumers with stable consumption could be found. So you 
know in advance how much gas will be sold out. This number could be 
included in the planning which makes it easier to feed the co-generator 
the best possible way. 
 
Figure 41 Table: Energy and gas savings   
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Chapter 3 Electrical diagram 
3.1 Data collection 
One electrical diagram was given to the project team by Stormossen. The 
diagrams shows where t each machine is connected with the principal 
electrical line to check all the consumptions in the parts that we want to 
check.[appendix 14]. 
Stormossen also released one excel sheet with the consumptions of the 
different parts in the MBT plant. [Appendix 9] 
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3.2 Process collection 
The first task was to that check all the machines are connected in the correct 
position in the plant. For example, if the crusher belonged to the mechanical 
part, it was ensured that the consumption is added in right part.  
The project team saw all the machines in the plant and took pictures of all their 
specifications and nominal consumptions. 
The consumption of one machine, which belongs to the motor from the drying 
part, was found to be added to the mechanical part. The second task was 
mapping of the real consumptions of the machines and checked if they had 
frequency convertors or not. The reason of this mapping was to optimize the 
consumptions of the machines in case they used only 50% of their capacities 
and also run at 50%. 
3.3 Mechanical part 
Machines with big consumptions can be found in this part of the MBT plant just 
like the three crushers that they have. 
The working process of this part is as follows – 
First the 3 crushers crush all the waste into small pieces for separation.  
Secondly, all the waste in the small pieces goes into a drum sieve to separate 
organic waste from inorganic.  
Thirdly, the organic waste is transported by a conveyor belt to biological tanks. 
Midway through this transportation, a wind screen and a magnetic separator 
pick all the small pieces which could not be sieved. 
Table of consumptions as the following table: Figure 42: 
Mechanical part Frequency convertor consumption 
Crusher 1# 2 31,8KWh – 110,7KWh 
Crusher 2# 3# no 45,6KWh 
Drum sieve 2 41,5KWh 
Wind Screen - - 
Magnetic separator - - 
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Transporting unit - - 
Centrifugation motor no 60,8KWh – 108,6KWh 
Figure 42 Table of consumptions of Mechanical part 
3.4 Drying part 
In this part of the MBT plant there are different kinds of machines and motors 
like water pumps, sludge pumps and the motors of the drying machines.  
The function of this part is simple; when they extract all the biogas from the 
biomass the waste is composted. However, before it can be used in the field, 
for example, they have to extract all the water. This is done by two centrifuges.  
The extracted water is cleaned at the water cleaning part and reused. . That‟s 
why the big group of machines is used as pumps for pumping all the water 
from the drying part to the water cleaning part. 
Table of consumptions as the following table: Figure 43: 
 
Drying part Frequency convertor Consumption 
Water pump x4 - 44KWh 
Sludge pump x2 - 45,6KWh 
Water pump -  
Sludge pump -  
Figure 43 Table of consumptions of Drying part 
3.5 Water cleaning part 
In this part of the MBT plant only one kind of machine compressor can be 
found but every compressor has different consumptions. 
The function of this part is taking the water from the drying part and to clean it 
for reuse. 
Table of consumptions as the following table: Figure 44 
  
Water cleaning part Frequency convertor Consumption 
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Compressor 1 Yes 18,5KWh 
Compressor 2 Soft-start 18,2KWh 
Compressor 3 no 27KWh 
Figure 44 Table of consumptions of Water cleaning 
3.6 Conclusions 
An attempt was made to analyze the real consumption but it was impossible 
because the machines were only mapped for an instant of time. Therefore the 
data collected was not correct compared to the excel sheet from Stormossen. 
The result was far from our expectation. 
Also one machine was found to incorrectly connect. 
 
 
 
 
 
 
 
 
 
 
 
Chapter 4 Energy optimization for the 
Electricity 
Our project is to optimize the energy consumption and to retain the delivered 
energy in EPS 2011 of Novia. In the electricity field, generally speaking, this 
should be done by increase the production of the electricity, decrease the 
amount of electricity consumption and improve the efficiency of the electrical 
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motors. So we firstly focused on the energy storage technology in the first half 
of the EPS semester. Since the energy storage technology requires quite a lot 
of prophase investment, it doesn‟t meet with the requirement of economic 
benefit, we have abandoned it. In the second half part of our project, we turn 
our attention to the energy saving for motors and got some results.  
4.1.  The energy storage 
The energy storage should meet with the following requirements at least. 
1, the maturity of the technology 
2, the economical efficiency 
3, the maintainability 
According to the research, we found that there are at least 4 different ways for 
saving the energy. [19] 
4.1.1 Electrochemical storages 
1) Alterative one is Secondary batteries (rechargeable batteries). It has he 
following characteristics: fast response times, in the range of milliseconds; 
negligible no-load losses and energy contents and power outputs which are 
dependent on each other. The drawback of the secondary batteries are 
however the Short life-time: for example, Na-S battery has the very good 
practical power density, 100W×h/kg, but only 2000 deep discharge cycles. 
However, for applications which require high power rapidly, batteries are 
not the optimal Choice. 
 
2) As a second alternative the fuel cells and hydrogen storages can be utilized. 
The advantages are high efficiency potential, low emissions, quietness and 
flexible use. But the problem is that the system components are with the 
lack maturity in technology. The technology is alsol expensive in 
comparison to the alternatives. Nevertheless, Siemens, Westinghouse 
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Electric Corporation and some other companies have bui lt some Fuel cell 
power plants in Europe.  
 
3) As a third alternative, Flow batteries allow a flexible design and can be 
designed for high power applications as well as store substantial amounts 
of energy. They also offer a long lifetime, on account of the possibility of 
replacing the electrolytes. In addition, the batteries have a fast response 
and a fair energy density. The only problem is that his technology is still 
being developed. 
4.1.2 Electromagnetic storages  
Generally speaking, this technology is low maturity and high in investment. 
Examples of electromagnetic storages are: super capacitor with large internal 
resistance and superconducting magnetic energy storage. 
4.1.3  Mechanical storages  
For mechanical storages there are three major alternatives; the Flywheel 
alternative, which is high investment cost, the comparatively high standing 
losses and finally a highly system-specific cost. 
Another alternative for mechanical energy storage compressed air storage 
(CAS) can be used. This has mainly been a renewable application and 
planned to be together with wind parks. CAS is a mature, reliable and 
environmentally friendly technology suited for high-power, long-term 
load-leveling applications. The setback is the energy efficiency (lower than phs 
„0.60-0.73 vs. 0.70-0.85‟) and self-discharge over time. 
The third alternative to mechanical energy storages is the pumped hydro 
storage, which is widely used. For example, in China, the total capacity of Phs 
is 17,000 MW. But it is better for considerably larger applications. The more 
details refer to Appendix 16. 
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4.1.4  Thermal energy storage 
The thermal energy storage can be divided into two different technologies; 
sensible heat storage and latent heat storage. 
A system based on storage of sensible heat offers the unique combination of 
flexible sitting and the ability to hold energy amounts  suitable for bulk storage. 
Owing to these properties, the concept has the potential to become a 
competitor to the established pumped hydro storage and compressed air 
energy storage for large-scale applications. However, the actual costs of the 
system still need to be defined, in order to evaluate its competiti veness. Latent 
heat storage systems are only suited for small-scale applications and are due 
technical limitations likely to remain a niche. 
According to the above analysis, the best solution is pumped hydro storage 
because it‟s clearly the largest available system. It is the most mature. 
However, the investment cost still an issue to be considered. A second 
alternative are the fuel cells. One type of them could use the biogas to 
generate electricity. 
 
 
 
 
 
4.2.  Energy saving for electrical motors  
4.2.1  Some definitions  
1) The economic operation of the electrical motors: The operation of the 
motor, which meets the requirement of the load, should be: safe & reliable; 
friendly to the environment; to reduce the fees of the electrical and 
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maintains. 
2) The comprehensive power loss of motors: including 2 parts, active 
power loss of motors and electrical grid which caused by the reactive 
power of the motors 
3) The comprehensive power consumption of motors: the sum of the 
input power of the motor and the relevant comprehensive power loss  
4) The comprehensive efficiency of motors: the ratio of the output power 
and the comprehensive consumption of the motors  
5) The nominal  comprehensive efficiency of motors: the efficiency of the 
nominal operation 
6) Load co-efficiency: the ratio of output power and nominal output power  
7) Economic load ratio: the load factor with the most highest efficiency of the 
motor 
8) Comprehensive economic load ratio: the load factor with the most 
highest comprehensive efficiency of the motor 
9) Reactive power economic equivalent:  KQ stands for this parameter. It 
means the loss of active power in the electrical grid which is caused by the 
reactive power made by the motors. The unit is KW/kvar. When the motor 
connect with the bus of the generator directly, KQ=0.02～0.04; if connect 
with one transformer, KQ=0.05～0.07; 2 transformers, KQ=0.08～0.10. The 
rule matches with the asynchrony motors. 
 
All the definitions are from GB12497 [20] 
4.2.2  The losses 
I The loss of the power of electrical motors:  
 
∆P =Pcu1+Pcu2+PFe+Pd+Pm+Pf.  
 
Note: ∆P means the loss of the power; 
Pcu1 means the loss of the stator of the motor; 
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Pcu2 means the loss of the rotor of the motor; 
PFe means the loss of the iron core of the motor; 
Pd means the stray losses of the motor; 
Pm means the mechanical losses of the motor; 
Pf means the loss of Ventilation loss of the motor; 
 
 
 
II The type of the losses of the energy of the motors: 
 
1) The constant losses: it includes the losses which have no relationship 
with the load, but are relevant to the production materials, the design of 
the motor and the production technology. For instance,  
 
a) The losses of the iron core: Eddy current loss and Hysteresis loss 
caused the alternation of the main magnetic field in the iron core. 
The losses of this part usually take up 20%~25% of the total losses. 
 
b) The mechanical losses: the loss of the bearing friction and 
ventilating system, sometimes also includes the loss of the electric 
brush friction. It takes up 10%~50% of the total losses. 
 
2) The load losses: the losses are made by the rotor and the stator with 
the current when the motor works. The amount is up to the load current 
and the resistance of the stator wings and the rotor wings. This part 
usually is up to 20%~70% in the total losses. 
 
3) The stray losses: the high harmonics raised by the leakage magnetic 
flux of the stator, the stator and the rotor (with nonlinear load) make the 
energy losses in the wires, the iron cores and the metals. Usually, take 
up 10%~70%.  
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4.2.3  The efficiency and the influence factor of the efficiency  
I  The definition of the motor efficiency 
We use the letter “η” to stand for the efficiency of the motor. Then we have 
the following formula:   
 
η= P2/P1 ×100% = [P2/ (P2+∆P)]×100%= [1/(1+∆P/P2)]×100% 
 
P2 means the output power of the motors; P1 means the input power which 
is from the electricity grid and energy storage devices; ∆P is the losses of 
the power among the energy conversion, for example, from electricity to 
mechanical energy. So the key factor about saving the energy is to reduce 
the ∆P. 
II The influence factor of the motor efficiency 
According to the National Standard of China, “GB755-2000 rotating 
electrical machines-Rating and performance”, it allows that there is 10% 
percentage of the deviation of the power voltage. And “GB/T 12497-2006 
Three-phase induction motor‟s economic operation” , the unbalance factor 
of 3-phase voltage should be less than 1.5%. 
 
Unbalance factor = [(ULmax – ULmin)/U (the average value of the 3 Line 
Voltages)] x 100%. 
 
Since the losses of the iron core is in proportion to the square of the 
voltages, the winding current losses of the rotors and the stators have the 
inverse proportion with the square of the voltages; we know that the 
relationship between the efficiency of the motors and the voltages is 
relevant with the constant losses (mainly, the iron core losses) and the 
variable losses (mainly, the above current losses) 
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1) The influence of the quality of the power voltage 
Refer to the figure 1, when the terminal voltage is 0.85 UN (nominal 
voltage), the efficiency of the motor with the nominal load decreases 
quite a lot. The phenomenon also happen at 3/4 nominal load point. But 
it‟s higher than UN curve when the load is less than or equal to1/2 Load. 
And usually, the rate of the running load is from 60% to 100%, so it‟s 
better to avoid the motor working with a low voltage. 
 
Figure 45 load efficiency (x-axis) and motor efficiency (y-axis) with Voltage Curve 
2) The influence of the character of the load  
a) When it runs continually with the constant load and the electrical 
losses don‟t change with the time, we can select the motor which is 
low losses & high efficiency runs with the constant load. For instance, 
high efficiency motor [22]  
b) If the load works as the duty cycle, short-time work system and the 
work system including starting, brake, we should consider the High 
starting torque motor has the lowest losses in the whole working 
period because it can cut down the losses in the entire period by 
reducing the starting period and decreasing the starting losses 
The following figure is the curves about the motor efficiency and the motor 
load. According to the figure, when the load efficiency is lower than 0.5, 
the motor efficiencies have sharp declines. In the area of 0.5 ~ 1.0, the 
European project semester   [OPTIMIZING GREEN ENERGY PRODUCTION] 
80 
 
slopes are, comparatively speaking, stable. 
 
 
Figure 46 the load ratio (x-axis) and the motor efficiency (y-axis) 
3) The influence of the power factor 
As three-phase asynchronous motors drive the inductive load, the 
supply power not only offers the active power for the driving, but also 
has to offer the reactive power.  We can use local reactive power 
compensation to raise the power factor. Refer to “GB/T_12497-2006 
Three-phase induction motor‟s economic operation”, the compensation 
should base on the capacity of the motors and running modes. The 
power factor should equal to or greater than 0.9.  
 
 
Figure 47 the character curve of the motor 
Here, η – The efficiency curve; cosφ – the power factor curve, β – load 
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ratio= load efficiency   100%. The figure shows that power factor  
changes with β value. Its curve is similar to the η curve. Since Power 
factor is the cosine of the angle (φ) between the active power (KW) and 
apparent power (KA) in a circuit, cosφ = P1/ S. It decides the efficiency 
of the motor. The power factor is about 10% ~20% when the motor is 
idle. Also we find that the power factor grows with the increasing of β 
value. The power factor curve arrives at the best point when β is equal 
to or greater than 0.8. 
4.2.4  The technology for energy saving  
Since we have analyzed the matters of the motor efficiency and the motor 
losses, but also found out the influence factors of the motors, it‟s time to find 
the solutions.  
Generally speaking, there are 3 methods used for motor energy saving, 
including using the new motors with high efficiency or energy saving 
technology; improve the old motors by power electronic; use the additional 
equipments to make the work better – soft starting, reactive power 
compensation, and so on.  
I The reactive power compensation 
There are 2 different kinds of the power in the electrical system: reactive power 
and active power. In short, reactive power is the waste of the electrical energy. 
The reactive power compensation is the technology for raising the power factor,  
decreasing the reactive power in the systems, improving the efficiency of the 
motors. [21] 
The basic theory showed as the following figures: 
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Figure 48 the theory of the reactive power compensation 
Before the compensation:  
Symbol P means the active power; IP is the active current. Q1 is called as the 
reactive power; Iq is the reactive current.  And I1 is the input current, power 
factor is cosφ1. 
After the compensation: 
We install a Capacity called as  QC, so it appears the capacity current IC. Here, 
reactive current Iq2 = Iq –IC; Reactive power is from Q1 to Q2, Q2 = Q1 – QC。  
And absolutely, cosφ2 is less than cosφ1 ; I2  ＜ I1. 
The following formula is the compensation calculation of the motor about the 
reactive power compensation [23]: 
QC =P1×(tanφ – tanφ1); 
tanφ = 
        
    
. 
Here, Qc is the compensation value, whose unit is kvar; P1 is the input power 
with the unit KW; cosφ is the power factor before installing the compensation 
devices. cosφ1 is the power factor after installing the compensation devices. 
If we make tanφ1 as 0.484, the cosφ1 should be about 0.90. 
 
II Variable-frequency drive technology 
A variable-frequency drive (VFD) is a system for controlling the rotational 
speed of an alternating current (AC) electric motor by controlling the frequency 
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of the electrical power supplied to the motor. A variable frequency drive is a 
specific type of adjustable-speed drive. Variable-frequency drives are also 
known as AC drives or inverter drives. Variable-frequency drives are widely 
used. In ventilation systems for large buildings, variable-frequency motors on 
fans save energy by allowing the volume of air moved to match the system 
demand. They are also used on pumps, elevator, conveyor and machine tool 
drives. [24] In these applications, energy savings are typically 20-50%. 
 
Figure 49  The main components of an AC drive: rectifier, DC circuit and inverter [25] 
4.2.5  The measurement data of motors at Stromossen 
If there is the motor with the VFD or the soft start, it will be marked. If not, there 
is only the motor‟s name. Only the major equipment in each area was 
measured and the aim was to find out the relationship between the data in the 
excel-tables presented by Stormossen to us and the actual power 
consumption of the said equipment.  The main titles refers to the different 
department denominations in the Excel sheets of Stormosse  
 
Measurement equipment: Fluke 41B Power Harmonic Analyzer  
Date: 9:30, 3rd-May-2011 & 12:11, 11th-May-2011 
 
a) The data collection of Mechanical Part :  
1) Crusher 1#: with VFD  
 Current: 46A ~ 160A; 
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 Voltage: 406V (50Hz); 
 Power:  6.4KW ~ 8.9KW, 8.6~12.0KVA, 0.79~0.82Pf, 1.00DPf 
2) Crusher 2# (3#):  
 Current: 66A ~ 125A; 
 Voltage: 405V (50Hz); 
 Power:  4.0KW ~ 28KW; 
Comment: 46.8A, 0.9KW~3KW, 20KVA, 0.11~0.18PF (with little material) 
3) Drum Sieve: with VFD  
 Current: 60A; 
 Voltage: 406V (50Hz); 
 Power: 7.3 KW; 24.1KVA; 0.30Pf; 0.31DPf 
4) Cyclone Fan:  
 Current: 152A ~ 157A; 
 Voltage: 406V (50Hz); 
 Power: 37KW; 63KVA; 0.60Pf; 0.61DPf 
 
b) The data collection of Drying Part 
1) Slam pump: 
 Current: 33A; 
 Voltage: 397V (50Hz); 
 Power: 3.3KW ~ 3.9KW; 15KW; 0.24Pf; 0.24DPf 
2) Water pump (JVP 2) : 
 Current: 16A; 
 Voltage: 404V (50Hz); 
 Power: 2.7KW; 6.6KVA; 0.40Pf; 0.39DPf 
 
c) The data collection of Water Cleaning Part 
1) The compressive motor 1# ( with VFD): 
 Current: 26.8A; 
 Voltage: 403V (50Hz); 
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 Power:  6.9KW; 0.75PF, 0.78DPF 
2) The compressive motor 2# ( with soft-start): 
 Current: 26.3A; 
 Voltage: 401V (50Hz); 
 Power:  4.1KW; 10.5KVA; 0.40Pf; 0.39DPf 
3) The compressive motor 3#:  
 Current: 39A; 
 Voltage: 401V (50Hz); 
 Power:  12. 3KW; 15.9KVA; 0.77Pf; 0.82DPf 
 
Refer to the above data; it‟s easy to find that the power factor is quite low if the 
motor is without the VFD. For example, the power factor of Crusher 1# (with 
the VFD) is up to 0.79~0.82，and 100% DPF.  
 
Note: The reason why I don’t use the Crusher 2# and Crusher 3# is that 
the data isn’t for the normal situation. Crusher 2# and 3# are almost 
running at the idle condition.  
4.2.6  Some formulas for selecting variable-frequency Drive 
In the following words, we synthesize some simple methods for calculating the 
size of the Drive via some reference books. 
After we make sure the motor which should be installed the VFD, we usually 
select it in accordance with the nominal current, the maximum working current 
or the running power of the motor. We should notice that it‟s more economic 
with less capacity of the VFD only if the convertor meets with the need of the 
industry. 
 
However, the selection ways of VFD are different when the motors run in 
different conditions. 
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a) The selection of VFD with continual running [26] 
 
Note: PM、η、cosφ、UM、IM means output power of the motor、efficiency( set as 0.85)、
power factor( set as 0.75)、motor voltage and motor current。  
K：the correction factor of the current wave (PWM mode is 1.05～1.1)  
PCN：The nominal capacity of VFD (KVA)  
ICN：The nominal current of VFD (A)  
Note: if select IM as the maximum working current, the size of the VFD can 
approximately decrease. 
b) The selection of VFD with short-time acceleration-deceleration 
condition 
The max output torque of VFD is up to the max output current of VFD. In most 
of the cases, VFD allow the output current up to 130%~150% of its nominal 
current --- in fact, the data is determined by different VFDs when the working 
condition is short-time acceleration and deceleration. So the output torque can 
be increased in the short-time acceleration and deceleration. On the other 
hand, if it requests less torque, we can choose a less capacity for VFD. 
Because of the pulsation of the current, we should select the VFD with 90% of 
its max output current. 
c) The selection of VFD with the frequent acceleration-deceleration 
condition 
Refer to current values of the acceleration, constant speed and deceleration 
condition, we use the following formula: 
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I1CN＝[(I1t1+I2t2+…+I5t5)/(t1+t2+…t5)]K 
Here: 
I1CN：The nominal output current of VFD (A)  
I1、I2、…I5：The average currents of the relevant conditions (A)  
t1、t2、…t5：The running time of different conditions 
K：safety factor ( 1.2 for frequent working，other conditions are 1.1)  
d) A VFD drives several motors which are parallel running   
In such kind of the cases, the voltage and the frequency of the drive will rise up 
after parts of the motors start. If VFD continues to work for starting of other 
motors, it will need the higher current. So we should select a bigger size of the 
VFD. 
If we set the short-time overload of VFD is 150% of the nominal value and 
acceleration time is less than 1min, we could use the following formulas: 
 
 
If the time is more than 1min,  
 
PCN1=KPMnT/ηcosφ 
Here ： 
nT：The number of parallel motors;    
ns：The number of motors which starts at the same time  
PCN1：Total capacity (KVA),  
PM：Output power of motors  
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η：The efficiency of the motor  
cosφ：Power factor of the motor  
Ks：The starting current of motors  
IM：The nominal current of motors  
If VFD drives several motors，but one of them may cancel the running at 
anytime, we can use the following formula:  
 
Here: 
I1CN：The nominal output current of VFD (A)  
IMN：The nominal input current of motors (A)  
IMQ：The max starting current of motors (A)  
J：The number of the rest motors  
e) VFD for Direct on line (Dol) starter 
The starting current of the three-phase asynchronous motors usually is 5~7 
times as big as its nominal current. 
If the capacity of motors is less than 10KW, we can apply the following formula:  
 
I1CN≥
  
  
 
Here： 
IK：the stall current when the motor start with the nominal voltage and 
frequency (A)；  
Kg：The allowed overload multiple  
 
f) Use the software to select the VFD 
Some drive companies also develop software to help us to select the VFD. For 
example, ABB develop the software “Drive Size”. Drive Size offers several 
functions for dimensioning the drive. It is used to select optimal drive system 
components: Line supply unit; Inverter; Motor; Transformer; to calculate 
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system harmonics, efficiencies and power losses, inverter load currents, the 
loads of supply unit; to have results in graphical and numerical format .The 
more detail refers to the Appendix 18   
  
Figure 50 the drive software “Drive Size”  
4.2.7  The application of VFD on the fan and the pump  
I The simple calculation for the fan motor  [27]   
Take the cyclone fan as the example. The running data of the cyclone fan as 
following table “Figure 51”:  
 
 
Parameters Value 
Current (I) 152A~157A / 154.5A 
Voltage (U) 406V (50Hz) 
Power factor 
(cosφ) 
0.60PF/ 0.61 DPF 
Figure 51 the parameters of the cyclone fan 
So we have: 
P = √3 × U×I× cosφ = 65185.8984 W ≈ 65KW 
W = P × 360 (days) × 24hrs = 561600 KWh (set 1 year = 360days) 
Since  
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n=60f (1-s)/p 
n- the speed of the motor; f – power frequency; p & s are the constant value for 
a ensured motor. We get the result that the rotation speed varies with the 
frequency of the supply power. So we can simplify the formula: 
n= 60f × constant 
It means it can save energy via changing the frequency of the supply power for 
the motor–the VFD is available to use to save energy for the cyclone fan. 
Because it‟s the fan motor, there exits the following relations:  
P ∝ n3 
So, 
P‟/P= (n‟/n) 3 (N is the nominal speed.) 
If the rotation changes as 0.90 times as fast as the nominal speed, it means:  
P‟ = 0.903 × P = 47,385 KW 
W‟ = P‟ × 360 (days) × 24hrs = 409406.4KWh 
The saving Electricity: ∆W = W – W‟ = 152193.6 KWh 
Refer to the ELFAKTURA list of Stormossen Company, 
The saving fee = 152193.6 ×[120564 /(120564+69316)] × (4.12+1.23+1.44) 
+ 152193.6 ×[69316 /(120564+69316)]×(4.12+0.67+ 1.44) ≈ 6924+2129 
=10,053Euros 
Refer to , The electricity saving rate ≈ (152MWh/3400MWh) × 100% = 4.47% 
The running data and the mapping data show that the current is 157A and the 
power is about 65KW, so we can use it to do a simple selection. we select 
Type ACS510-01-157A-4 in the following figure.  
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Figure 52 the VFD product list of ABB China 
Today‟s exchange rate of RMB and Euro is about 9.2:1, so it means the price is 
about 3200Euro. Refer to the calculation of fan motor we did, the pack-back 
time is less than 1 year.This result is the same as Vacon‟s conclusion. 
 
Or we can use the software developed by Vacon: 
http://www.vacon.com/energy/fan/damping/index.html 
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Figure 53 Vacon software 
II The simple calculation for the water pump JVP2 
Not only “Drive Size”, ABB also design another software for calculate the pump. 
It‟s “Pump Save”. The latest version is Pump Save 4401. It helps you to 
calculate which drive is suitable for you, even calculate the pay-back time. 
http://www.abb.com/product/seitp322/612fc702bdb07063482576b00028e9d0.
aspx 
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Figure 54 the drive software “Pump Save 4011”  
 
Figure 55 the drive software “Pump Save 4011”  
 
4.3. The conclusion and the recommendation 
According to the cases study, obviously, the installation of VFD for motors can 
not only save the energy, but can also be to a benefit. Let‟s take the fan motor 
as an example. As what we calculated, at the moment, it can save 152193.6 
KWh, 4.47% of the total consumption and 10,053 Euros every year. What 
should be noticed is that, cyclone fan motor is just one of motors which 
consume most of the electricity. 
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There still left Crusher 2# & 3#, Slum pump, Compressive motor 3# and Mix 
motors which are without the VFD. We have reasonable ground to believe if all 
these motors install the suitable VFD, it can save more electricity and bring 
more benefit on the economy realm.  
More than that, in mechanical field, VFD can smooth ramp up and ramp down 
causes less stress to the mechanics of fans and pumps and to air ducts and 
water piping; slowing down the speed rather than damping the output will 
result in lower noise levels, and so on. 
Generally, our suggestion is that it‟s a good way to optimize the electrical 
power consumption for motors by installing the VFD, if the finance allows.  
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Chapter 5 Website 
5.1. Planning 
5.1.1 Asking the right question 
The first phase of the development was to prepare the RFP (Request for 
proposal). This document states problem/need, as explained by the client. It is 
normally created by the client and given to the potential designer(s). However 
in the case of this project,  the clients were the EPS coaches, Stormossen 
and Electrytec. During brainstorming and at various meetings, series of 
questions were answered in order to prepare the RFP.  
- Who?  
 The designer 
The Development is done by one of Electrytec‟s IT specialist. The main roles 
to be taken care of are as follows: visual design, technical development and 
management. However, he was aided by other team members in providing the 
content, graphics and photos to be used. 
 
 The author 
The authors for the website were Electrytec EPS Spring 2011 group. The 
project partners were Novia and Stormossen. 
 
 The target audience 
Potential audiences for this web site are Students of all universities in Europe 
that might have heard about EPS project. Stormossen and their clients 
(basically people leaving in 7 municipality covered by Stormossen) would like 
to visit the site and know about the research done on Stormossen energy 
optimization. 
- Why? 
The goals of the web site were evaluated, “the whys” of the site. Information 
gathered from the RPF helped in this regard. The following goals and 
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objectives were determined: 
- Giving information about Electrytec and their task 
- Telling about EPS project and its objectives 
- Talking about Stormossen the company involved in the project as well 
as their main function in the region. 
A part from reading about the whole project and its partners, visitors can also 
interact with those responsible for the project by means of feedback form. 
They can also participate in a forum on issues related to renewable energy. 
- What?  
Different types of contents are housed in the site‟s pages. These are 
information about all partners involved in the project. Pictures and logos are 
also used. Some of these documents are provided by Stormossen and the rest 
prepared by Electrytec. 
- Where and when?  
This website is hosted on the servers of Novia University of applied sciences 
and can be accessed by the general public using the following url:  
http://eps.novia.fi/2011/Electrytec 
The team of developers designed and tested the website during the project life.  
The site went online during the last two weeks of the project. Therefore, its 
functionality were tested by a third party before the whole project is handed 
over.  
- How? 
The following development tools were used: 
- For the text and user interface style: HTML, XHTML, CSS 
- For Server side scripting (Forum and Form to email): PHP  
- For Flash and Slide show: Java script, jquery, xml 
- Main editor: Notepad++ 
- Integrated Development Environment: Dreamweaver 
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5.1.2 Formulating the answers 
- Documentation 
Together with the client, documentation was prepared for the web site project. 
These documents include: 
 Request for Proposal (RFP)  
 Statement of work: It evaluates the whole project, its needs and 
resources involved. 
 
 Design and architecture specification: this is the technical document on 
which the whole design is base 
 
- Site map 
The model used is Informative architecture multidimension Hierarchy. In this 
model, it is possible to access content from a different section without first 
returning to the home or gateway page. 
In addition to that structure, there is a quick link feature on some page to make 
browsing through different pages easy. This model is shown in the figure 
below: 
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5.2. Design 
5.2.1.  Anticipating web-specific design issue  
- Deciding Which Design tools to use 
Images and graphics used for this design GIFs, .JPEGs and .PNGs format. 
For graphic design CorelDraw was selected because of its flexibility.  
- Screen Design Considerations 
Several issues about the outlook of the whole design were considered. These 
include:  
 Platforms 
The platform stands for the type of device being used to access the Web. 
Different factors that can affect the way users view graphics, text or the whole 
web page were taken into consideration. Because nowadays a webpage can 
be viewed from different devices such as: laptop, mobile phone, TV screen, 
and desktop. We therefore need to take into account the screen resolution that 
will fit all these devices.  
Therefore the frame that should be used for the containers in all pages is made 
Solid in opposition to the liquid frame. The maximum width was set to 980px 
and the height will increase according to contents on each page. By so doing 
we avoided the vertical scrolling and are sure that all monitor resolution can 
run the pages? 
Another factor considered was the user‟s operating system and browser. For 
instance a graphic that look nice on a window machine might not look nice on 
Mac‟s machine. This issue was addressed by continual and constant testing. 
The pages were run on major browsers like internet explorer, Google chrome, 
Firefox and Safari. 
 
 Code 
HTML was the main markup language used to present the contents of the 
application. To display the contents in styles, Cascading Style Sheet (CSS) 
was used. The combination of these two programming languages, made it 
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possible to combine both pictures and text in a suitable and presentable  way 
as shown in Figure 56  
 
Figure 56 Combination of picture and text (blog.html) 
 
Jquery and JavaScript were used to for the slide show and the flash motions. 
This can be seen at the welcoming page 
 
Figure 57 Slide show (index.html) 
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And for the photo gallery page 
 
Figure 58 photo gallery (gallery/gallery.html) 
 
 Browsers 
There are tens of browsers but few are popular. The most important are 
Explorer, Safari, Google Chrome, and Opera. For this reason the web site was 
designed in such a way that all the main browsers can run the web pages 
without any problem.  
5.2.2. Laying the groundwork for good design 
- Inspiration  
The groundwork for a good site comes from inspiration. Looking at other 
websites has been useful in this regard 
- Navigation 
With navigation feature visitors can go from one page to another one by means 
of html links. Two level of navigation were defined namely the primary and 
secondary. The main titles in the menu bar are considered first level links 
because they are seen on every page. These navigations are located in the 
header part of the pages. In the right side bar there are quick links that allow 
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the user to go to other pages quickly. Secondary navigation links are also 
called sub pages for they are under a particular main page. In this design one 
typical example is the page Electrytec with five sub pages as shown by the 
figure below: 
 
Figure 59 ElectryTec Sub Pages  
 
- Layout 
Two main layouts were used. The fist is for the front page with the slide show. 
The second concern all other pages. The navigation issue was considered 
only after the layout was done and accepted. The index or front page is the 
welcoming page. There are slide shows with five pictures in constant motion. 
The pictures show the main modules or partners of the project namely Novia, 
Stormossen, EPS, Electrytec, City of Vaasa. An .xml code is used to display 
some text or summary of each and every main module. A typical example is 
shown Figure 5 
 
Figure 60 photo gallery (gallery/gallery.html) 
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- Progress check 
As agreed upon from the beginning of the project, a feedback was given every 
Friday in the EPS meetings. The „clients‟ gave recommendations or agreed 
with the changes that had been performed so far. This was in some way 
progressive testing. 
 
- Colour 
Having in mind that colors give life to the pages, they were selected carefully 
according to web design standards. The type of color combination used was 
RGB (Red, Green, Blue) in opposition to CMYK (cyan, magenta, yellow, black) 
used for paper printing. The color palette in seen in the editors used for both 
the graphics (CorelDraw) and the pages design (Dreamweaver) as shown 
below. The color palette, the image type and the size are shown. 
 
Figure 61 Photo gallery (gallery/gallery.html)  
 
- Creating Design Mockups 
The whole design started on paper with pencil. After the draft, the actual 
design with CorelDraw and Dreamweaver started. Since the project was 
carried by the whole Electrytec group, documents and pictures were shared by 
a file sharing application (dropbox). 
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5.2.3. Preparation for production 
- Identifying Individual Page Elements for Layout and choosing the 
right file format 
In this section the attention was focused once again on the use of the image 
and how they appear on the pages. Sometimes it is difficult to use simple text 
along with HTML code to put a styled text on a particular page. Therefore it is 
useful to use graphics and convert them into image. An example of this is seen 
on the front page were combination of logo, text and background color were 
used to create images as shown in the figure below. 
 
Figure 62 Image showing 
 
At first ElectryTec, Stormossen or European project Semester looks like a 
written text in a box. But that was not the case. Each of the three modules here 
are rather three images design from scratch. 
A placeholder for each image was predefined in the code and in the main 
frame. Therefore in case an image is corrupted or will not appear its place can 
be clearly seen like the simulation bellow where two images were intentionally 
removed or corrupted. 
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Figure 63 Simulating error 
5.2.4. Producing the design 
- Saving images. 
The formats of images used in the design are JPEG and GIF. This is 
determined from the saving in CorelDraw. The following example shows how 
some of the pictures were saved in JPEG and GIF. It shows the property of the 
image namely: size= 962x362 (in pixel), resolution (300 dbi), color mode (RGB 
at 24 bit) 
 
Figure 64 Image property  
 
- Exporting whole designs 
For all graphic design involved in this project, CorelDraw was used. Unlike 
Fireworks, there is no direct link between CorelDraw and Dreamweaver. In the 
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layout, images and flash holders have been set with their names. The same 
name is given to the image saved in the image folder. Both images and flash 
files are exported to Dreamweaver in order to be displayed on the webpage.   
5.2.5. Database design 
Some dynamical features are used like the forum and login form. We needed 
to set up a database in order to manage users and posts on the forum.  
With WINSCP terminal a connection is made with Novia database server. 
From the terminal a database called electrytec is created along with eleven 
tables as shown by the figure below: 
 
Figure 65 Creation of database and tabl es in a terminal  
5.3. Coding 
5.3.1. Getting started with the code  
After the planning and the design we were left with the last part consisting of 
writing the codes. The design team decided to work with five programming 
languages namely: 
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  HTML: It stands for HyperText Markup Language and is the 
predominant markup language for web pages. HTML is the basic 
building-blocks of WebPages. It is the basic language used for all the 
pages  
 CSS: used for the style and the page layout. 
 PHP: used for the dynamic part of the WebPages such as forum page, 
form to email and the search engine. 
 Java Script and Jquery: used for the slide show, flashes and the photo 
gallery. 
 
- Creating fi le structure 
At this stage of the project the team took into account Novia web and database 
server that will host the webpage.  
After discussing with the IT department of Novia a virtual server was created 
for our group where all files would be uploaded. The name of the main folder is 
Electrytec. It contains the following fi les grouped by category: 
 Cascading style sheet  (CSS) documents 
 HTML documents 
 File folders: There are several of them and each one stands for a 
portion or a specific task on in the application. 
 For example there are: 
 three image or photo folders:   
o Images (for all images appearing on all pages), 
o  Photo gallery (for photos used in the photo gallery), 
o  Sliding photo (for images used in the slide show at front 
page). 
 two css folders: 
o css (for the main layout of all the pages) 
o css_pirobox (for the slide show‟s layout) 
 one  java script(JS) folder (for all java script files) 
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 A folder named Forum: this folder contains files for a standalone 
forum application which is embedded to the webpage. 
 PHP script: These scripts are used for dynamic part of the webpage 
such login or feedback form. 
 Shockwave flash object: this is an already compiled flash object file. It 
contributes to the slide show at the front page. 
 XML documents: It is also used in the slide show and contains the text 
that show on each slide. 
Below is how the main folder looks like. 
 
Figure 66 Main folder and its contents  
 
Among all these files that are uploaded to the server only one will be 
recognized. This is the file named  
index.html 
It will be the first page seen online browser accesses the web site. From 
index.html, one can navigate to other pages.  
The path to Electrytec folder on the server is: 
 
Figure 67 Code commenting 
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5.3.2. Integrating dynamic content 
This web application is not only static. It contains some dynamic features. 
They are: 
- Adding script 
JavaScript and Jquery script have been used for the flash show and the photo 
gallery. Just like CSS files they are also separate files that are linked to HTML 
pages for final display on the site. The example below show the code line that 
link then to the HTML code files  
 
<meta name="keywords" content="free css templates, liquid, 3d 
slider, piecemaker, CSS, HTML" /> 
<meta name="description" content="" /> 
<link href="electrytec_style.css" rel="stylesheet" type="text/css" /> 
<script type="text/javascript" src="js/swfobject.js"></script> 
 
- Using templates and License issue 
All the entire code has not been written from scratch by the developing team. 
Some portion of code especially the one used for the slide show, photo gallery 
and the forum have been taken from open source applications under two main 
licenses: 
 GPL license: GNU General Public License is free software for 
publishing license , which gives anyone the right to use, reproduce, modify and 
redistribute the programs and their source code .  
 MIT: The MIT License is a free software license originating at 
the Massachusetts Institute of Technology (MIT). The license is 
also GPL-compatible, meaning that the GPL permits combination and 
redistribution with software that uses the MIT License. [ 29] 
During the development of this application some open source code has been 
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used and improved. Therefore, the improved source code will be released 
entirely to the client. 
5.4.  Going live 
5.4.1. Publishing contents 
- Testing 
Before the testing was performed, a testing environment was defined. From 
the beginning it was not possible to do the testing from Novia servers. 
Therefore local machine along with Windows, Apache, MySQL and PHP 
(WAMP) server was used.  
During that phase, the following points were taken into account: 
 code line: To see if there is any mistake in the code line that will prevent 
it to run 
 Titles and Headers: To check if there are updated according o the 
clients‟ requirement 
 Content: To check if texts and images are at the right place. Spelling 
mistakes are also checked. 
 Links. To check internal and external links   
 Images: To check of all image are well displayed 
 Multimedia: To check if flash, photo slide are working 
 Layout: To check if the layout is visible in a desired in all browsers. 
 
- Uploading to live server 
On completion, all files and folders were uploaded to the live server. The 
application is therefore hosted as a sub domain under EPS folder on Novia 
servers. The url of the webpage is: http://eps.novia.fi/2011/Electrytec 
The uploading was done by using FileZila fi le transfer application.  
Figure 13 shows how the transfer was done as well as different machines and 
servers involved.  
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Figure 68 FileZila view with server on local machine 
 
- Maintenance and upgrade 
At the end of the project the students will not have access the servers again. 
Therefore, the maintenance and upgrading will be done by EPS coaches.  
5.4.2. Advertizing the site 
- Getting the site found online 
The assignment regarding the web application is not over until a way is found 
about how to advertize it on the internet. This is made possible by top ranked 
search engines like Google, Yahoo, and Bing. But unfortunately one needs to 
pay before enjoying their services. For this reason we opted for a free 
registration on Google following this link: 
http://www.google.com/addurl/?continue=/addurl 
A free search engine is also embedded to the page.  
- Use of Emails 
The use of E-mail will be powerful tool used to advertize the site. E-mails will 
be sent to those who will be interested in this project inviting them to visit our 
page. Some E-mails will be obtained from the email form and the forum. 
Local site  
 or 
machine                           
Noia web 
server                          
Statute of the connection to 
the server                         
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5.5. Conclusion  
The development of this website was a tool used to promote first of all the 
activities of Electrytec and also the concept behind EPS. From brainstorming, 
design, coding and testing the website came online in the final week of the 
project. With these web pages the public get to know more about the task 
performed by this group of students from different horizons toward a waste 
management company Stormossen based in Vaasa. An attention was focused 
on the activities of Stormossen. Brief details about Electrytec team members 
were displayed and that constituted a way of promoting themselves. Another 
feature of this web application is to have a forum embedded to the website so 
that discussions about energy main continue  
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Chapter 6 Project schedule 
In order to not loss control of our project we drew a project plan for our self‟s. 
As a tool to create our time schedule we used MS-project. All sorts of data are 
included in our plan; we set our self deadlines for specific tasks and also 
included important dates, for example the intermin report or the sustainable 
energy day.  
 
Figure 69 Picture of the MS-project file 
Due to the fact that we developed the project plan before we stared our actual 
project we cannot say that we followed the project plan all the way through. But 
it was really helpful to have a rough guideline of the project. It supported us 
during our time management.   
 
 
 
 
European project semester   [OPTIMIZING GREEN ENERGY PRODUCTION] 
113 
 
Chapter 7 Overview 
We calculated the theoretical hours that we had to work been calculated. T 
Easter and winter holidays and personal trips from 1th of February until 20th of 
May were taken into account. This was compared with the real hours that were 
spent. 
From the graph below, the theoretical line (in red) is below the real line (blue). 
This means that we worked more than the previous forecast. 
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Chapter 8 Project conclusion 
Looking back at our project and the different parts we worked on we now like to 
complete our project which the project conclusion. Putting our entire 
conclusion together we were able to provide some valuable assumptions on 
how to improve the energy consumption at Stormossen. If we go back to the 
office building the suggestions on the new lightning technology and 
improvement on the walls we were able to reduce the overall electricity 
consumption by 52%, which are 44.000 kWh every year. 
Besides the office building we also had some success with implementing a 
frequency convertor in theory. As a result for our calculation we achieved a 
saving of 152.193, 6 kWh every year which give you a payback time of 12 
months. Unfortunately we only had time to calculation the total savings of the 
wind screen, but the mathematical theory applies for all the electrical 
components. 
Last but not least we analysed the working processes of the 
mechanical-biological treatment plant. If we compile our results we were able 
to give some reasonable options and possibilities‟. Simple changes like 
increasing the water temperature by 4C will save you 14% of the gas which is 
used in that specific process. Unfortunately our assumptions are limited to 
guidelines and directions. Due to time issues we were not able to investigate 
on how to implement them. 
All our working processes can be followed on the ElectryTec Webpage. 
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